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Introduction
Pesticides are widely used for the control of weeds and pests in order to expand profit from agricultural production. Studies to date have confirmed the positive association between pesticides exposure and health effects among farmers that range from acute poisoning to chronic hazards, such as mental disorder, brain tumors [1, 2] , leukemia [3] , renal disease [4] , Parkinson's disease [5] and depression [6] . Although a policy for banned highly toxic and restricted conventional pesticide use was implemented in China starting from the beginning of 2000, pesticide poisoning incidents are still reported. More than 200,000 people are killed due to pesticide poisoning every year in rural regions of developing countries, and most of them are caused by long-term, chronic pesticide exposure [7] . Individuals are exposed to pesticides by occupational or environmental exposures, and greenhouse workers are considered among the most vulnerable to pesticide exposure [8] . A study conducted in 189 intensive greenhouse workers and 91 healthy control subjects showed that chronic exposure to pesticides increased the risk of mild toxic effects, mainly including ocular and skin symptoms, and other unknown changes with long-term consequences [9] . The influence of chronic pesticide exposure on health becomes more important as the number of greenhouses workers increases due to China's ranking first in world vegetable production [10] .
Poor self-rated health (SRH) is a useful outcome measurement and more powerful predictor of comprehensive health status than the medical record as observed by clinical physicians and could predict functional disability, mortality and morbidity [11] [12] [13] [14] [15] . Links between poor SRH and human diseases, including health burden [16] , microelement unbalance [17] , mental health disorders [11] , chronic diseases [11] , and neurobehavioral disorders [18] , have been reported. However, limited information is available about the relationship between SRH and pesticide exposure in greenhouse farmers. Some studies done in other countries have indicated the relevance of assessing pesticide exposure in related farms [19] [20] [21] [22] . The aims of the current study were to evaluate the association between individual pesticide exposure intensity and SRH in greenhouse farmers.
Materials and methods

Study setting and participants
We conducted a population-based cross-sectional study from April to May in three consecutive years (2015, 2016, and 2017) . Four large cooperative villages in Yinchuan City, the capital of Ningxia Province in Northwestern China, were chosen as the research sites. In the sample villages, most residents are engaged in vegetable greenhouse-related work. One non-repeated resident's team (the smallest unit in the China rural area to facilitate management) was randomly selected in each village in each survey year. Then, all of greenhouse farmers in selected team who met the requirements were invited to participate in the investigation if they were agreeable. Participants enrolled criteria were: 1. worked in plastic vegetable sheds for at least one year; 2. lived at their current address for at least five years.
Information about pesticide exposures and SRH were collected via face-to-face interview by trained investigators using a questionnaire that assessed general demographic characteristics, medically diagnosed chronic diseases, pesticide spray behaviors, protection methods and hygiene habits, and SRH. Attempts to capture key missing data were supplemented at least twice by phone.
Because most participants in our study were busy with farming work at the time of our investigations, verbal consent from the participating farmers was obtained prior to the interview, which helped to facilitate management and improve investigation compliance and efficiency. The design for this study was approved by the Medical Ethics Committee of Ningxia Medical University (No.2014-090).
Definitions and measurement
Pesticide exposure intensity. Pesticide exposure intensity (PEI) was estimated using a validated method from Dosemeci [23] and Lee [24] . The pesticide spray behavior item was added to this formula for the current study, based on the consideration that awareness of personal protection was low among vegetable farmers [25] , and many farmers had unhealthy habits, such as chatting, eating and drinking water during the spray process, that would increase their exposure level. The PEI scores algorithm is as follows: PEI = (mixing status + application method + spray behavior + whether the equipment was checked before spraying) × PPE × spills
The score for personal protective equipment (PPE) use was obtained by asking the following questions: "What are the protective measures you take when applying pesticides?" If "never" was selected, the participant was assigned to PPE-0. If one or more of the following options were selected, PPE-1 was assigned: masks, goggles, fabric or leather gloves, old clothes; if one or more of the following options were used, then PPE-2 was assigned: gas masks, rubber boots, or clean protective clothing; and if rubber gloves were used, then PPE-3 was assigned [23] . The PPE scores are shown in Table 1 . A higher score indicates a lack of personal protection during the process of pesticide spraying.
Mixing status was defined as two-levels, never and mixed, assigned to 0 and 9, respectively. The pesticide spray application method was divided into three levels: hand spray, machine spray and mix spray; scores were 9, 3 and 6, respectively.
Behaviors during the spray process were divided into five categories: drinking water, eating, smoking, chatting, and none; scores were 3, 3, 2, 1 and 0, respectively. Two options were set for whether the equipment was checked before spraying, check and never; scores were 0 and 2, respectively. The spill score was derived from a single question "Did you change your clothes after spraying pesticides?", and the corresponding score was obtained according to four response options (1 = "Immediately"; 1.2 = "At the end of the day"; 1.4 = "At will"; 1.8 = "Later in the week").
Finally, we divided PEI into three groups (low, medium and high PEI groups) because of a skewed PEI distribution.
Self-rated health and covariates. SRH was measured using a single ten-point scale question: "What do you think of your health status compared with your peers?". Respondents whose score ranged from 1 to 5 were referred to as "poor" SRH, and scores from 6 to 10 were referred to as "excellent" SRH, based on previous methods [26] .
Chronic diseases were considered due to previous literature that showed strong associations with SRH [11] and were measured using a multiple-choice question: "Do you have the following chronic diseases that were diagnosed by a medical doctor/health professional?". The options were as follows: "Hypertension", "Coronary heart disease (CHD)", "Hyperlipidemia", "Stroke", "Myocardial infarction", "Heart failure", "Coronary atherosclerosis" and "Others". This question was then collapsed into a three-level categorical variable that indicated the number of chronic diseases (no disease, one chronic disease, and two or more diseases). Other potential confounders were smoking status, drinking status, breakfast frequency (What is the frequency of eating breakfast in your daily life?), investigation year, and family economic status (quartiles of family gross income minus family expenditure with Q1 representing the lowest family economic status and Q4 representing the highest family economic status).
Statistical analyses
Chi-square tests were used to detect a difference in SRH by demographic characteristics, lifestyle characteristics, family economic status and PEI group.
A multivariable logistic regression model was used to examine the association between PEI and SRH. In the base model, only PEI was set as an independent variable. Demographic information, lifestyle variables, family economic status, number of chronic diseases and investigation year were adjusted singly or simultaneously in other models. The Odds Ratio (OR), 95% confidence intervals (CIs) and P value for the trend of poor SRH were calculated.
Interaction terms were defined as family economic status, education level and breakfast frequency multiplied by PEI. The interaction effect was evaluated by terms entered into the regression model. Significance was considered at P<0.05 for all of the tests. All analyses were performed in SPSS for Windows, version 24.0 (SPSS Inc., Chicago, IL, USA).
Results
This study included 1366 participants (448, 460 and 458 participants were interviewed in 2015, 2016 and 2017, respectively). Of those who completed the survey, 725 were males and 641 were females. The average age was 46.84±10.27 years, ranging from 21 to 79 years. Hypertension and CHD accounted for a major proportion of chronic diseases in the current sample; 60 and 19 of them reported hypertension and CHD, respectively. Detailed sociodemographic characteristics of the participants are displayed in Table 2 .
Of the participants, 208 (15.23%) reported poor health. A higher percentage of poor SRH were observed in high PEI (22.04%, 14.19% and 14.22% in the high, middle and low PEI groups, respectively). A significant distribution of poor SRH among ethnicity groups was determined, with Han higher than Hui (15.96% versus 9.55%). A low frequency of breakfast had a higher percentage of poor SRH than a regular breakfast habit. In the education groups, participants who had no formal school education had a high percentage (22.52%) of poor SRH, followed by primary school (16.74%), high school or above (10.00%) and junior high The association between SRH and PEI is shown in Table 3 . Although a positive relationship between high PEI and poor SRH was observed, the association between SRH and medium PEI was insignificant. High PEI showed a steady association with poor SRH, with a 1.5-fold increased risk in the full model compared to low PEI.
In addition, interaction effects of education level (p = 0.039) and breakfast frequency (p = 0.022) with PEI were observed. Interaction plots are shown in Fig 1. The likelihood of poor SRH decreased with an increasing education level in the high PEI group, and a downward trend was obvious in the high PEI group. An interaction of PEI with breakfast habit showed a large slope, which suggested that the low frequency of eating breakfast would significantly increase the possibility of poor SRH in the high PEI group.
The insignificant association between poor SRH and medium PEI was verified in gender and ethnicity subgroups. Similarly, insignificant associations were also found between poor SRH and high PEI among females and the Hui ethnicity subgroups. However, the positive association between poor SRH and high PEI was confirmed in male and Han ethnicity subgroups, and the corresponding odds ratios were 1.954 (95% CI:1.124-3.395) and 1.581 (95% CI:1.056-2.366), respectively, from the full model. Details are presented in Table 4 .
Discussion
This study investigated the association of pesticide exposure intensity with self-rated health through validated assessment of pesticides exposure in the greenhouse vegetable farmers of western China. The results indicated a significant association between high PEI and poor SRH. The strength of association might be ensured by the fact that the results were observed in three consecutive surveys.
In the current study, SRH was used to efficiently reflect the health condition of greenhouse vegetable farmers. Although SRH was defined as a subjective perception that might be limited by education experience, age, gender and occupation characteristics [11, 27, 28] , a previous study used it to reveal underlying disease burden [16] and it was viewed as an effective predictor of health status. Pesticide exposure was reported as a risk factor for health in previous studies [1, 2, 21, 29] . Our investigation is from a specific perspective that focused on vegetable greenhouse farmers because they might experience long-term low-level exposure to these toxic substances.
An insignificant association was observed between medium PEI and SRH; one plausible explanation is that this was a cross-sectional study that did not have enough power to capture a small effect of long-term low-dose exposure impact on health. From the full model, a 1.5-fold increased likelihood of poor SRH was observed in those with high PEI. The neural system and mental health are affected by pesticide exposure level and high susceptibility, and a relationship between specific pesticide exposures and a physiological biochemical index [18, 30, 31] or mental disorder [32, 33] has been demonstrated. This evidence might verify the association. Meanwhile, mental disorders showed a strong relationship with poor SRH and was also proven by previous research [34] , and it is stated that individuals with high PEI had increased expression of negative emotions and lower self-perceived health. A higher percentage of poor SRH was observed in the Han ethnicity compared to the Hui ethnicity, which might mean that religious faith played an important mediating role. All of the Hui people are hereditarily Islamic, but lack of faith in most Han people has been reported [35] . Religion would be positively associated with happiness according to results reported by Lelkes[36] and French [37] . A significant association between poor SRH and high PEI was determined in the male group but not in the female group. A supporting explanation is that men are usually the main physical laborers and, therefore, have more chances for pesticide exposure in the vegetable greenhouses than women. A linear association between education level and SRH was estimated. Farmers who had a high education level usually had a good sense of self-protection behavior that could protect their health during the spray process. A significant relationship between breakfast frequency and poor SRH was identified, which is in line with results from Jieyu Chen [38] , whose conclusion implied that this unhealthy lifestyle habit would affect health. Never eating breakfast was tightly associated with poor SRH in the current study. Financial status was positively associated with SRH, as was verified by a previous study [39] . Participants with high family economic status might have higher psychological satisfaction than participants from low-income families and be more likely to have good perceived health status due to their long-term superior social capital [40] . Another research study, conducted in a population-based survey, revealed that self-perceived economic satisfaction was associated with mortality among middle-aged and elderly adults [40] . However, the underlying mechanism needs a further multisite epidemiologic cohort to explore it. An interaction effect of education level and PEI was shown as a rapidly descending trend in SRH from no formal education to high school among those in the high PEI group. A higher education level would help participants to gain knowledge of self-protection behaviors and select correct equipment when spraying pesticides. Another potential explanation might be that education had a mediating effect on adjusting mood and impacting body health [41] . For participants who never ate breakfast, there was a synergistic negative interaction with PEI to influence SRH. It could be possible that an irregular breakfast habit weakens the immune system and enhances the negative health effect of pesticide exposure.
Although SRH has been shown to be obviously advantageous for predicting health status compared to clinical examination, using it to assess health status might lead to bias. The PEI level was estimated by an indirect method, which might produce more bias than an objective measurement. Other limitations of this study should be noted. First, SRH status was measured at one time-point that did not consider the change or differences in pesticide exposure by season. Second, mediating effects from potential factors in PEI and SRH were not explored. Finally, the type of pesticides and their composition were not considered, which limits our ability to explain the mechanism.
This study is a reliable population-based study of the association between PEI and SRH in greenhouse vegetable farmers from western China. In conclusion, despite the above limitations, this study revealed a robust negative linear relationship between PEI and SRH from different models that adjusted for demographic, lifestyle and chronic disease. Meanwhile, the research provides visual confirmation of the interaction effects of education level and breakfast frequency with PEI. Low education and never eating breakfast could increase the odds of poor health with PEI, especially with high PEI. Apart from the causal pathways, the present multiyear cross-sectional survey implicates a needed effort by the local government to intervene in lifestyle and agricultural activities to reduce the risks associated with pesticides exposure among farmers.
